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I. Evolution of Complex Adaptive Characters
�T�h�e� �t�h�e�o�r�y� �o�f� �n�a�t�u�r�a�l� �s�e�l�e�c�t�i�o�n� �a�n�d� �t�h�e� �n�e�u�t�r�a�l� �t�h�e�o�r�y� �o�f� 
�m�o�l�e�c�u�l�a�r� �e�v�o�l�u�t�i�o�n� �a�r�e� �p�o�w�e�r�f�u�l� �c�o�n�c�e�p�t�s� �i�n� �e�v�o�l�u�t�i�o�n�a�r�y� 
�b�i�o�l�o�g�y�.� +�o�w�e�v�e�r�,� �e�v�e�n� �w�i�t�h� �s�u�c�h� �t�h�e�o�r�i�e�s�,� �t�h�e�r�e� �s�t�i�l�l� �r�e�m�a�i�n� 
�u�n�e�x�p�l�a�i�n�e�d� �p�h�e�n�o�m�e�n�a�,� �o�n�e� �o�f� �w�h�i�c�h� �i�s� �t�h�e� �e�v�o�l�u�t�i�o�n� �o�f� 
�c�o�m�p�l�e�x�i�t�y�.� �I�t� �i�s� �d�i�f�f�i�c�u�l�t� �t�o� �e�x�p�l�a�i�n� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �n�e�e�d�e�d� 
�t�o� �e�v�o�l�v�e� �c�o�m�p�l�e�x� �a�d�a�p�t�i�v�e� �t�r�a�i�t�s� �a�t� �c�e�l�l�u�l�a�r� �a�n�d� �o�r�g�a�n�i�s�m�a�l� 
�l�e�v�e�l�s�,� �s�u�c�h� �a�s� �c�e�l�l� �d�i�v�i�s�i�o�n� �m�a�c�h�i�n�e�r�y�,� �r�e�g�e�n�e�r�a�t�i�o�n�,� �n�o�v�e�l� 
�o�r�g�a�n� �d�e�v�e�l�o�p�m�e�n�t�,� �h�o�s�t� �r�a�c�e� �c�h�a�n�g�e�,� �a�n�d� �m�i�m�i�c�r�y�.� �S�u�c�h� 
�t�r�a�i�t�s� �c�o�m�p�r�i�s�e� �m�a�n�y� �c�o�m�p�o�n�e�n�t�s� �a�n�d� �b�e�c�o�m�e� �a�d�a�p�t�i�v�e� �o�n�l�y� 
�w�h�e�n� �a�l�l� �c�o�m�p�o�n�e�n�t�s� �a�r�e� �g�a�t�h�e�r�e�d� �t�o�g�e�t�h�e�r�.� +�o�w�e�v�e�r�,� �b�a�s�e�d� 
�o�n� �e�v�o�l�u�t�i�o�n�a�r�y� �t�h�e�o�r�y�,� �e�a�c�h� �c�o�m�p�o�n�e�n�t� �s�h�o�u�l�d� �e�v�o�l�v�e� �o�n�e� 
�b�y� �o�n�e� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �o�f� �m�u�t�a�t�i�o�n�s�.� �W�e� �a�i�m� 
�t�o� �r�e�v�e�a�l� �t�h�e� �g�e�n�e�t�i�c� �n�e�t�w�o�r�k�s� �r�e�g�u�l�a�t�i�n�g� �c�o�m�p�l�e�x� �t�r�a�i�t�s� �a�n�d� 
�t�o� �i�n�f�e�r� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �n�e�e�d�e�d� �t�o� �e�v�o�l�v�e� �c�o�m�p�l�e�x� 
�c�h�a�r�a�c�t�e�r�s�.

II.  Evolution of Regeneration: Reprogramming 
of Differentiated Cells to Pluripotent Stem 
Cells

�D�i�f�f�e�r�e�n�t� �s�p�e�c�i�e�s� �h�a�v�e� �d�i�f�f�e�r�e�n�t� �m�o�r�p�h�o�l�o�g�y� �a�n�d� �a�l�s�o� 
�c�e�l�l�u�l�a�r� �c�h�a�r�a�c�t�e�r�s� �v�a�r�y� �b�e�t�w�e�e�n� �s�p�e�c�i�e�s�.� �S�t�e�m� �c�e�l�l�s� �s�e�l�f�-
�r�e�n�e�w� �a�n�d� �r�e�p�e�a�t�e�d�l�y� �p�r�o�d�u�c�e� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �c�e�l�l�s� �d�u�r�i�n�g� 
�d�e�v�e�l�o�p�m�e�n�t�.� �C�o�n�v�e�r�s�e�l�y�,� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �c�e�l�l�s� �c�a�n� �b�e� 
�c�o�n�v�e�r�t�e�d� �i�n�t�o� �s�t�e�m� �c�e�l�l�s� �i�n� �s�o�m�e� �o�r�g�a�n�i�s�m�s�.� �I�n� �p�l�a�n�t�s�,� 

�r�e�g�e�n�e�r�a�t�i�o�n� �o�f� �a� �s�t�e�m� �c�e�l�l� �l�e�a�d�s� �t�o� �g�e�n�e�r�a�t�i�o�n� �o�f� �a� �n�e�w� 
�i�n�d�i�v�i�d�u�a�l�,� �w�h�i�c�h� �i�s� �a�n� �e�f�f�e�c�t�i�v�e� �s�t�r�a�t�e�g�y� �f�o�r� �p�r�o�p�a�g�a�t�i�o�n�.� 
�T�h�e� �a�b�i�l�i�t�y� �t�o� �r�e�p�r�o�g�r�a�m� �i�s� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �s�p�e�c�i�e�s� �t�o� �s�p�e�c�i�e�s� 
�b�u�t� �t�h�e� �r�e�a�s�o�n� �i�s� �u�n�k�n�o�w�n�.� �T�h�e� �m�o�s�s� Physcomitrella patens 
�h�a�s� �a� �r�a�p�i�d� �r�e�p�r�o�g�r�a�m�m�i�n�g� �a�b�i�l�i�t�y� �(�s�e�e� � �h�t�t�p����w�w�w�.�n�i�b�b�.�a�c�.
�j�p��e�v�o�d�e�v�o��0�.�T�o�p�E�.�h�t�m�l�)� �a�n�d� �i�s� �f�e�a�s�i�b�l�e� �f�o�r� �u�s�e� �i�n� 
�e�x�p�e�r�i�m�e�n�t�s�.� �C�e�l�l�s� �i�n� �a� �d�i�s�s�e�c�t�e�d� �l�e�a�f� �a�r�e� �r�e�p�r�o�g�r�a�m�m�e�d� �t�o� 
�b�e�c�o�m�e� �c�h�l�o�r�o�n�e�m�a� �a�p�i�c�a�l� �s�t�e�m� �c�e�l�l�s� �w�i�t�h�i�n� �2�� �h�o�u�r�s�.� �W�e� 
�r�e�p�o�r�t�e�d� �t�h�a�t� �t�w�o� �p�a�r�a�l�o�g�o�u�s� P. patens WUSCHEL-related 
homeobox 13-like �(PpWOX13L�)� �g�e�n�e�s�,� �h�o�m�o�l�o�g�s� �o�f� �s�t�e�m� 
�c�e�l�l� �r�e�g�u�l�a�t�o�r�s� �i�n� �f�l�o�w�e�r�i�n�g� �p�l�a�n�t�s�,� �a�r�e� �t�r�a�n�s�i�e�n�t�l�y� 
�u�p�r�e�g�u�l�a�t�e�d� �a�n�d� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� �i�n�i�t�i�a�t�i�o�n� �o�f� �c�e�l�l� �g�r�o�w�t�h� 
�d�u�r�i�n�g� �s�t�e�m� �c�e�l�l� �f�o�r�m�a�t�i�o�n�.� �C�o�n�c�o�r�d�a�n�t�l�y�,� ¨ppwox13l 
�d�e�l�e�t�i�o�n� �m�u�t�a�n�t�s� �f�a�i�l� �t�o� �u�p�r�e�g�u�l�a�t�e� �g�e�n�e�s� �e�n�c�o�d�i�n�g� �h�o�m�o�l�o�g�s� 
�o�f� �c�e�l�l� �w�a�l�l� �l�o�o�s�e�n�i�n�g� �f�a�c�t�o�r�s� �d�u�r�i�n�g� �t�h�i�s� �p�r�o�c�e�s�s�.� �D�u�r�i�n�g� �t�h�e� 
�m�o�s�s� �l�i�f�e� �c�y�c�l�e�,� �m�o�s�t� �o�f� �t�h�e� ¨ppwox13l �m�u�t�a�n�t� �z�y�g�o�t�e�s� �f�a�i�l� 
�t�o� �e�x�p�a�n�d� �a�n�d� �i�n�i�t�i�a�t�e� �a�n� �a�p�i�c�a�l� �s�t�e�m� �c�e�l�l� �t�o� �f�o�r�m� �t�h�e� �e�m�b�r�y�o�.� 
�O�u�r� �d�a�t�a� �s�h�o�w� �t�h�a�t� PpWOX13L �g�e�n�e�s� �a�r�e� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� 
�i�n�i�t�i�a�t�i�o�n� �o�f� �c�e�l�l� �g�r�o�w�t�h� �s�p�e�c�i�f�i�c�a�l�l�y� �d�u�r�i�n�g� �s�t�e�m� �c�e�l�l� 
�f�o�r�m�a�t�i�o�n�,� �i�n� �a�n�a�l�o�g�y� �t�o� �W�O;� �s�t�e�m� �c�e�l�l� �f�u�n�c�t�i�o�n�s� �i�n� �s�e�e�d� 
�p�l�a�n�t�s�,� �b�u�t� �u�s�i�n�g� �a� �d�i�f�f�e�r�e�n�t� �c�e�l�l�u�l�a�r� �m�e�c�h�a�n�i�s�m� �(�S�a�k�a�k�i�b�a�r�a� 
et al�.� �2�0�1��)�.
�T�o� �p�e�r�f�o�r�m� �f�i�n�e� �l�i�v�e� �i�m�a�g�i�n�g� �d�u�r�i�n�g� �t�h�e� �r�e�p�r�o�g�r�a�m�m�i�n�g� 
�p�r�o�c�e�s�s�,� �w�e� �n�o�w� �t�r�y� �t�o� �a�p�p�l�y� �A�d�a�p�t�i�v�e� �o�p�t�i�c�s� �(�A�O�)� �t�o� �t�h�e� 
�o�b�s�e�r�v�a�t�i�o�n� �o�f� �P�h�y�s�c�o�m�i�t�r�e�l�l�a� �c�e�l�l�s�.� �A�O� �i�s� �t�h�e� �t�e�c�h�n�i�q�u�e� �t�o� 
�c�a�n�c�e�l� �t�h�e� �a�b�e�r�r�a�t�i�o�n� �c�a�u�s�e�d� �b�y� �a�t�m�o�s�p�h�e�r�i�c� �t�u�r�b�u�l�e�n�c�e� �a�n�d� 
�t�o� �p�e�r�f�o�r�m� �d�i�f�f�r�a�c�t�i�o�n�-� �l�i�m�i�t�e�d� �o�b�s�e�r�v�a�t�i�o�n� �o�f� �c�e�l�e�s�t�i�a�l� �b�o�d�i�e�s� 
�f�r�o�m� �t�h�e� �g�r�o�u�n�d�.� �A�p�p�l�y�i�n�g� �A�O� �t�o� �m�i�c�r�o�s�c�o�p�y�,� �w�e� �c�a�n� �c�a�n�c�e�l� 
�t�h�e� �a�b�e�r�r�a�t�i�o�n� �c�a�u�s�e�d� �b�y� �c�e�l�l�u�l�a�r� �s�t�r�u�c�t�u�r�e�s� �a�n�d� �p�e�r�f�o�r�m� 
�h�i�g�h�-�r�e�s�o�l�u�t�i�o�n� �l�i�v�e� �i�m�a�g�i�n�g�.� �T�o� �c�o�n�s�t�r�u�c�t� �t�h�e� �A�O� �s�y�s�t�e�m�,� �w�e� 
�f�i�r�s�t� �a�n�a�l�y�z�e�d� �t�h�e� �o�p�t�i�c�a�l� �p�r�o�p�e�r�t�i�e�s� �o�f� �P�h�y�s�c�o�m�i�t�r�e�l�l�a� �c�e�l�l�s�.� 
�L�i�v�e�-�c�e�l�l� �i�m�a�g�i�n�g� �w�i�t�h� �b�r�i�g�h�t� �f�i�e�l�d� �a�n�d� �p�h�a�s�e� �c�o�n�t�r�a�s�t� 
�m�i�c�r�o�s�c�o�p�i�e�s� �a�s� �w�e�l�l� �a�s� �i�m�a�g�e� �d�e�g�r�a�d�a�t�i�o�n� �a�n�a�l�y�s�i�s� �u�s�i�n�g� 
�f�l�u�o�r�e�s�c�e�n�t� �b�e�a�d�s� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �c�h�l�o�r�o�p�l�a�s�t�s� �a�r�e� �t�h�e� �m�a�i�n� 
�s�o�u�r�c�e� �o�f� �t�h�e� �d�i�s�t�u�r�b�a�n�c�e� �i�n� �t�h�e� �c�e�l�l� �(�T�a�m�a�d�a� et al�.� �2�0�1��)�.� 
�A�c�c�o�r�d�i�n�g� �t�o� �t�h�i�s� �i�n�f�o�r�m�a�t�i�o�n�,� �w�e� �c�o�n�s�t�r�u�c�t�e�d� �a� �p�r�o�t�o�t�y�p�e� �o�f� 
�a�n� �A�O� �m�i�c�r�o�s�c�o�p�e� �t�h�a�t� �c�a�n� �c�o�r�r�e�c�t� �t�h�e� �a�b�e�r�r�a�t�i�o�n� �c�a�u�s�e�d� �b�y� 
�c�h�l�o�r�o�p�l�a�s�t�s�.� �I�m�a�g�e�s� �o�f� �c�h�l�o�r�o�p�l�a�s�t�s� �t�h�a�t� �a�r�e� �l�o�c�a�t�e�d� �a�t� �t�h�e� 
�o�p�p�o�s�i�t�e� �s�i�d�e� �f�r�o�m� �t�h�e� �o�b�j�e�c�t�i�v�e� �l�e�n�s� �i�n� �t�h�e� �l�e�a�f� �c�e�l�l� �a�r�e� 
�d�e�g�r�a�d�e�d� �d�u�e� �t�o� �a�b�e�r�r�a�t�i�o�n� �f�r�o�m� �c�e�l�l�u�l�a�r� �s�t�r�u�c�t�u�r�e�s� �i�n�c�l�u�d�i�n�g� 
�c�h�l�o�r�o�p�l�a�s�t�s� �t�h�e�m�s�e�l�v�e�s�.� �W�i�t�h� �A�O� �m�i�c�r�o�s�c�o�p�y�,� �w�e� 
�s�u�c�c�e�s�s�f�u�l�l�y� �o�b�t�a�i�n�e�d� �f�i�n�e� �i�m�a�g�e�s� �o�f� �t�h�e� �c�h�l�o�r�o�p�l�a�s�t� �w�h�e�r�e� 
�t�h�e� �g�r�a�n�a� �s�t�r�u�c�t�u�r�e� �w�a�s� �o�b�s�e�r�v�e�d� �m�o�r�e� �c�l�e�a�r�l�y�.� �T�h�i�s� �s�t�u�d�y� 
�w�a�s� �m�a�i�n�l�y� �c�o�n�d�u�c�t�e�d� �b�y� �Y�o�s�u�k�e� �T�a�m�a�d�a�.

�F�i�g�u�r�e� �1�.� �A�O� �c�o�r�r�e�c�t�i�o�n� �o�f� �a� �c�h�l�o�r�o�p�l�a�s�t� �i�m�a�g�e�.� �L�e�f�t�,� �n�o� �c�o�r�r�e�c�t�i�o�n�� �r�i�g�h�t�,� 
�w�i�t�h� �A�O�.� �B�a�r�,� �5� �m�.

III.  Evolution of Regeneration: Master 
Regulator for Reprogramming STEMIN

�A�n�i�m�a�l� �s�o�m�a�t�i�c� �c�e�l�l�s� �c�a�n� �b�e� �r�e�p�r�o�g�r�a�m�m�e�d� �t�o� �i�n�d�u�c�e� 
�p�l�u�r�i�p�o�t�e�n�t� �s�t�e�m� �(�i�P�S�)� �c�e�l�l�s� �b�y� �i�n�t�r�o�d�u�c�i�n�g� �f�o�u�r� �t�r�a�n�s�c�r�i�p�t�i�o�n� 
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�f�a�c�t�o�r�s�,� �w�h�i�l�e� �s�u�c�h� �f�a�c�t�o�r�s� �h�a�v�e� �n�o�t� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �i�n� �p�l�a�n�t�s�.� 
�W�e� �h�a�v�e� �p�r�e�v�i�o�u�s�l�y� �i�d�e�n�t�i�f�i�e�d� �a� �g�e�n�e� �e�n�c�o�d�i�n�g� �a� �m�e�m�b�e�r� �o�f� 
�a� �p�l�a�n�t�-�s�p�e�c�i�f�i�c� �t�r�a�n�s�c�r�i�p�t�i�o�n� �f�a�c�t�o�r�,� �S�T�E�M� �C�E�L�L�-
�I�N�D�U�C�I�N�G� �F�A�C�T�O�R� �1� �(�S�T�E�M�I�N�1�)� �t�h�a�t� �w�a�s� �a�b�l�e� �t�o� �i�n�d�u�c�e� 
�d�i�r�e�c�t� �r�e�p�r�o�g�r�a�m�m�i�n�g� �o�f� �d�i�f�f�e�r�e�n�t�i�a�t�e�d� �l�e�a�f� �c�e�l�l�s� �i�n�t�o� 
�c�h�l�o�r�o�n�e�m�a� �a�p�i�c�a�l� �s�t�e�m� �c�e�l�l�s� �w�i�t�h�o�u�t� �w�o�u�n�d�i�n�g� �s�i�g�n�a�l�s�.� 
STEMIN1� �a�n�d� �i�t�s� �t�w�o� �p�a�r�a�l�o�g�o�u�s� �g�e�n�e�s� �(STEMIN2� �a�n�d� 
STEMIN3�)� �w�e�r�e� �a�c�t�i�v�a�t�e�d� �i�n� �l�e�a�f� �c�e�l�l�s� �t�h�a�t� �u�n�d�e�r�w�e�n�t� 
�r�e�p�r�o�g�r�a�m�m�i�n�g�.� �I�n� �a�d�d�i�t�i�o�n�,� �d�e�l�e�t�i�o�n� �o�f� �t�h�e� �t�h�r�e�e� STEMIN� 
�g�e�n�e�s� �d�e�l�a�y�e�d� �r�e�p�r�o�g�r�a�m�m�i�n�g� �a�f�t�e�r� �l�e�a�f� �e�x�c�i�s�i�o�n, suggesting 
that these genes redundantly function in the reprogramming 
of cut leaves�.� On the other hand, differently from STEMIN1, 
induction of STEMIN2 or STEMIN3 in gametophores did not 
change leaf cells into chloronema apical stem cells. These 
indicate that STEMIN1 has an enough ability to change intact 
leaf cells to stem cells, but its �p�a�r�a�l�o�g�o�u�s� �g�e�n�e�s� do not.� 
�M�a�s�a�k�i� �I�s�h�i�k�a�w�a� �w�a�s� �t�h�i�s� �s�t�u�d�y�’�s� �m�a�i�n� �r�e�s�e�a�r�c�h�e�r�.

IV.  Evolution of Elaborated Cell Division 
Machinery: Spindle body

�A�t� �m�i�t�o�s�i�s�,� �a�l�l� �e�u�k�a�r�y�o�t�i�c� �c�e�l�l�s� �d�i�v�i�d�e� �c�h�r�o�m�o�s�o�m�e�s� �t�o� �t�w�o� 
�d�a�u�g�h�t�e�r� �c�e�l�l�s� �u�s�i�n�g� �a� �m�i�t�o�t�i�c� �s�p�i�n�d�l�e�,� �w�h�i�c�h� �i�s� �c�o�m�p�o�s�e�d� �o�f� 
�m�i�c�r�o�t�u�b�u�l�e�s�.� �F�o�r� �a�c�c�u�r�a�t�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e� �c�h�r�o�m�o�s�o�m�e�s�,� 
�t�h�e� �s�p�i�n�d�l�e� �h�a�s� �t�w�o� �p�o�l�e�s�.� �T�h�e� �c�e�n�t�r�o�s�o�m�e�s�,� �w�h�i�c�h� �a�c�t� �a�s� 
�m�i�c�r�o�t�u�b�u�l�e� �o�r�g�a�n�i�z�i�n�g� �c�e�n�t�e�r�s�,� �e�n�s�u�r�e� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �t�w�o� 
�p�o�l�e�s� �i�n� �m�e�t�a�z�o�a�n� �c�e�l�l�s�.� �I�n� �c�o�n�t�r�a�s�t�,� �t�h�e� �c�e�l�l�s� �o�f� �l�a�n�d� �p�l�a�n�t�s� 
�a�n�d� �t�h�e�i�r� �s�i�s�t�e�r� �g�r�o�u�p�,� �c�h�a�r�o�p�h�y�c�e�a�n� �g�r�e�e�n� �a�l�g�a�e�,� �f�o�r�m� �a� 
�b�i�p�o�l�a�r� �s�p�i�n�d�l�e� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �c�e�n�t�r�o�s�o�m�e�s�.� �F�o�r� 
�u�n�d�e�r�s�t�a�n�d�i�n�g� �t�h�e� �m�e�c�h�a�n�i�s�m� �o�f� �a�c�e�n�t�r�o�s�o�m�a�l� �s�p�i�n�d�l�e� 
�f�o�r�m�a�t�i�o�n�,� �t�h�e� �s�t�e�p�s� �o�f� �m�i�c�r�o�t�u�b�u�l�e� �r�e�o�r�g�a�n�i�z�a�t�i�o�n� �d�u�r�i�n�g� 
�s�p�i�n�d�l�e� �f�o�r�m�a�t�i�o�n� �s�h�o�u�l�d� �b�e� �v�i�s�u�a�l�i�z�e�d�.� �I�t� �i�s� �c�h�a�l�l�e�n�g�i�n�g�,� 
�h�o�w�e�v�e�r�,� �t�o� �v�i�s�u�a�l�i�z�e� �m�i�c�r�o�t�u�b�u�l�e� �r�e�o�r�g�a�n�i�z�a�t�i�o�n� �d�u�r�i�n�g� 
�s�p�i�n�d�l�e� �f�o�r�m�a�t�i�o�n� �i�n� �l�i�v�i�n�g� �p�l�a�n�t� �c�e�l�l�s�,� �b�e�c�a�u�s�e� �l�a�r�g�e� �n�u�m�b�e�r�s� 
�o�f� �m�i�c�r�o�t�u�b�u�l�e�s� �r�a�p�i�d�l�y� �r�e�d�i�s�t�r�i�b�u�t�e� �i�n� ��-�d�i�m�e�n�s�i�o�n�a�l� �s�p�a�c�e�.� 
�W�e� �c�o�l�l�a�b�o�r�a�t�e�d� �w�i�t�h� �P�r�o�f�.� �T�o�m�o�m�i� �N�e�m�o�t�o� �i�n� +�o�k�k�a�i�d�o� 
�U�n�i�v�e�r�s�i�t�y� �a�n�d� �d�e�v�e�l�o�p�e�d� �a� �t�w�o�-�p�h�o�t�o�n� �s�p�i�n�n�i�n�g� �d�i�s�k� 
�c�o�n�f�o�c�a�l� �m�i�c�r�o�s�c�o�p�e�,� �w�h�i�c�h� �e�n�a�b�l�e�s� ��-�d�i�m�e�n�s�i�o�n�a�l� �i�m�a�g�i�n�g� 
�o�f� �l�i�v�i�n�g� �c�e�l�l�s� �w�i�t�h� �h�i�g�h� �t�e�m�p�o�r�a�l� �a�n�d� �s�p�a�t�i�a�l� �r�e�s�o�l�u�t�i�o�n�.� �O�u�r� 
�d�a�t�a� �s�h�o�w�s� �t�h�a�t� �m�i�c�r�o�t�u�b�u�l�e�s� �e�l�o�n�g�a�t�e� �f�r�o�m� �t�e�m�p�l�a�t�e� 
�m�i�c�r�o�t�u�b�u�l�e�s� �o�n� �t�h�e� �n�u�c�l�e�a�r� �e�n�v�e�l�o�p�e� �u�p�o�n� �n�u�c�l�e�a�r� �e�n�v�e�l�o�p�e� 
�b�r�e�a�k�d�o�w�n�.� �T�h�e� �t�e�m�p�l�a�t�e� �m�i�c�r�o�t�u�b�u�l�e�s� �a�r�e� �d�i�s�t�i�n�c�t� �f�r�o�m� �t�h�e� 
�s�p�i�n�d�l�e� �m�i�c�r�o�t�u�b�u�l�e�s� �b�e�c�a�u�s�e� �t�h�e�y� �d�i�s�a�p�p�e�a�r� �d�u�r�i�n�g� �s�p�i�n�d�l�e� 
�d�e�v�e�l�o�p�m�e�n�t�.� �T�h�e� �d�a�t�a� �s�u�g�g�e�s�t�s� �t�h�a�t� �m�i�c�r�o�t�u�b�u�l�e�s� �w�h�i�c�h� �h�a�d� 
�b�e�e�n� �o�r�g�a�n�i�z�e�d� �b�e�f�o�r�e� �s�p�i�n�d�l�e� �f�o�r�m�a�t�i�o�n� �a�r�e� �t�h�e� �o�r�g�a�n�i�z�e�r�s� �o�f� 
�t�h�e� �b�i�p�o�l�a�r� �s�p�i�n�d�l�e�.� �T�a�k�a�s�h�i� �M�u�r�a�t�a� �w�a�s� �t�h�i�s� �s�t�u�d�y�’�s� �m�a�i�n� 
�r�e�s�e�a�r�c�h�e�r�.

V. Evolution of water conducting systems
�T�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �w�a�t�e�r� �c�o�n�d�u�c�t�i�n�g� �s�y�s�t�e�m� �w�a�s� �o�n�e� �o�f� 
�t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �l�a�n�d� �p�l�a�n�t�s�.� �R�e�c�e�n�t� 
�s�t�u�d�i�e�s� �i�m�p�l�i�c�a�t�e� �a� �g�r�o�u�p� �o�f� �N�A�C� �d�o�m�a�i�n� �t�r�a�n�s�c�r�i�p�t�i�o�n� 
�f�a�c�t�o�r�s� �i�n�c�l�u�d�i�n�g� 9�N�D�� �a�n�d� 9�N�D�� �o�f� Arabidopsis thaliana� 
�a�s� �k�e�y� �r�e�g�u�l�a�t�o�r�s� �o�f� �f�o�r�m�a�t�i�o�n� �o�f� �x�y�l�e�m� �v�e�s�s�e�l�s�,� �w�a�t�e�r�-
�c�o�n�d�u�c�t�i�n�g� �c�e�l�l�s� �i�n� �v�a�s�c�u�l�a�r� �p�l�a�n�t�s�.� +�o�w�e�v�e�r�,� �m�o�l�e�c�u�l�a�r� 
�m�e�c�h�a�n�i�s�m�s� �f�o�r� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �o�t�h�e�r� �t�y�p�e�s� �o�f� �w�a�t�e�r�-
�c�o�n�d�u�c�t�i�n�g� �c�e�l�l�s� �a�r�e� �s�t�i�l�l� �u�n�c�l�e�a�r�.� �W�e� �c�o�l�l�a�b�o�r�a�t�e�d� �w�i�t�h� �P�r�o�f�.� 
�T�a�k�u� �D�e�m�u�r�a� �i�n� �N�A�I�S�T� �a�n�d� �s�h�o�w�e�d� �t�h�a�t � �t�h�e�i�r� 
Physcomitrella patens� �h�o�m�o�l�o�g�u�e�s�,� �n�a�m�e�d� �P�p9�N�S�1� �t�o� 
�P�p9�N�S��,� �p�l�a�y� �a� �c�r�u�c�i�a�l� �r�o�l�e� �d�u�r�i�n�g� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� 

�h�y�d�r�o�i�d�s�,� �s�p�e�c�i�a�l�i�z�e�d� �w�a�t�e�r�-�c�o�n�d�u�c�t�i�n�g� �c�e�l�l�s� �i�n� �b�r�y�o�p�h�y�t�e�s�.� 
PpVNS� �g�e�n�e�s� �a�r�e� �e�x�p�r�e�s�s�e�d� �i�n� �t�h�e� �m�i�d�r�i�b� �o�f� �d�e�v�e�l�o�p�i�n�g� 
�l�e�a�v�e�s�,� �i�n� �w�h�i�c�h� �h�y�d�r�o�i�d�s� �a�r�e� �d�e�v�e�l�o�p�e�d�.� �O�v�e�r�e�x�p�r�e�s�s�i�o�n� �o�f� 
PpVNS� �g�e�n�e�s� �i�n�d�u�c�e�d� �c�e�l�l� �d�e�a�t�h� �i�n� P. patens �a�n�d� �e�c�t�o�p�i�c� 
�f�o�r�m�a�t�i�o�n� �o�f� �v�e�s�s�e�l�-�l�i�k�e� �c�e�l�l�s� �i�n� �t�h�e� �v�a�s�c�u�l�a�r� �p�l�a�n�t� 
Arabidopsis�.� �F�r�o�m� �t�h�e�s�e� �o�b�s�e�r�v�a�t�i�o�n�s�,� �w�e� �p�r�o�p�o�s�e�d� �t�h�a�t� �t�h�e� 
�l�a�s�t� �c�o�m�m�o�n� �a�n�c�e�s�t�o�r� �o�f� �b�r�y�o�p�h�y�t�e�s� �a�n�d� �v�a�s�c�u�l�a�r� �p�l�a�n�t�s� �h�a�d� 
�d�e�v�e�l�o�p�e�d� �a� �s�y�s�t�e�m� �u�s�i�n�g� 9�N�S� �h�o�m�o�l�o�g�u�e�s� �t�o� �i�n�d�u�c�e� �c�e�l�l� 
�d�e�a�t�h� �d�u�r�i�n�g� �w�a�t�e�r�-�c�o�n�d�u�c�t�i�n�g� �c�e�l�l� �f�o�r�m�a�t�i�o�n�.� �O�u�r� �f�i�n�d�i�n�g�s� 
�a�l�s�o� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �w�a�t�e�r�-�c�o�n�d�u�c�t�i�n�g� �c�e�l�l�s� �i�n� �b�r�y�o�p�h�y�t�e�s� 
�a�n�d� �v�a�s�c�u�l�a�r� �p�l�a�n�t�s� �a�r�e� �h�o�m�o�l�o�g�o�u�s�,� �a�n�d� �t�h�a�t� �c�u�r�r�e�n�t� �l�a�n�d� 
�p�l�a�n�t�s� �s�h�a�r�e� �a� �c�o�n�s�e�r�v�e�d� �g�e�n�e�t�i�c� �b�a�s�i�s� �w�i�t�h� 9�N�S� �f�a�m�i�l�y� 
�p�r�o�t�e�i�n�s� �f�o�r� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �w�a�t�e�r� �c�o�n�d�u�c�t�i�n�g� �s�y�s�t�e�m�s� �(;�u� et 
al�.� �2�0�1��)�.

VI.  Molecular mechanisms of Plant Movement 
using Mimosa pudica

�T�h�e� �s�e�n�s�i�t�i�v�e� �p�l�a�n�t� Mimosa pudica� �h�a�s� �l�o�n�g� �a�t�t�r�a�c�t�e�d� �t�h�e� 
�i�n�t�e�r�e�s�t� �o�f� �r�e�s�e�a�r�c�h�e�r�s� �d�u�e� �t�o� �i�t�s� �s�p�e�c�t�a�c�u�l�a�r� �l�e�a�f� �m�o�v�e�m�e�n�t�s� 
�i�n� �r�e�s�p�o�n�s�e� �t�o� �t�o�u�c�h� �o�r� �o�t�h�e�r� �e�x�t�e�r�n�a�l� �s�t�i�m�u�l�i�.� �A�l�t�h�o�u�g�h� 
�v�a�r�i�o�u�s� �a�s�p�e�c�t�s� �o�f� �t�h�e� �s�e�i�s�m�o�n�a�s�t�i�c� �m�o�v�e�m�e�n�t� �h�a�v�e� �b�e�e�n� 
�e�l�u�c�i�d�a�t�e�d� �b�y� �h�i�s�t�o�l�o�g�i�c�a�l�,� �p�h�y�s�i�o�l�o�g�i�c�a�l�,� �b�i�o�c�h�e�m�i�c�a�l�,� �a�n�d� 
�b�e�h�a�v�i�o�r�a�l� �a�p�p�r�o�a�c�h�e�s�,� �t�h�e� �l�a�c�k� �o�f� �r�e�v�e�r�s�e� �g�e�n�e�t�i�c� �t�o�o�l�s� �h�a�s� 
�h�a�m�p�e�r�e�d� �t�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �m�o�l�e�c�u�l�a�r� �m�e�c�h�a�n�i�s�m�s� 
�i�n�v�o�l�v�e�d� �i�n� �t�h�e�s�e� �p�r�o�c�e�s�s�e�s�.� �T�o� �o�v�e�r�c�o�m�e� �t�h�i�s� �o�b�s�t�a�c�l�e�,� �w�e� 
�d�e�v�e�l�o�p�e�d� �a�n� �e�f�f�i�c�i�e�n�t� �g�e�n�e�t�i�c� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �m�e�t�h�o�d� �f�o�r� M. 
pudica� �(�M�a�n�o� et al.�,� �2�0�1��)�.� �T�h�i�s� �n�e�w� �t�e�c�h�n�i�q�u�e� �i�s� �c�u�r�r�e�n�t�l�y� 
�a�p�p�l�i�e�d� �f�o�r� �l�i�v�e� �i�m�a�g�i�n�g� �o�f� �a�c�t�i�n� �c�y�t�o�s�k�e�l�e�t�o�n� �a�n�d� �c�a�l�c�i�u�m� 
�d�y�n�a�m�i�c�s�,� �b�o�t�h� �o�f� �w�h�i�c�h� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �t�h�e� �s�e�i�s�m�o�n�a�s�t�i�c� 
�m�o�v�e�m�e�n�t� �t�h�r�o�u�g�h� �a�s�-�y�e�t�-�u�n�i�d�e�n�t�i�f�i�e�d� �m�e�c�h�a�n�i�s�m�s�.� �O�u�r� 
�t�r�a�n�s�g�e�n�i�c� �t�e�c�h�n�i�q�u�e� �a�l�s�o� �e�n�a�b�l�e�d� �u�s� �t�o� �d�e�v�e�l�o�p� �a� �C�R�I�S�P�R�
�C�a�s�-�m�e�d�i�a�t�e�d� �g�e�n�e� �k�n�o�c�k�-�o�u�t� �s�y�s�t�e�m� �i�n� �t�h�i�s� �s�p�e�c�i�e�s�.� �T�o� 
�i�n�v�e�s�t�i�g�a�t�e� �a�d�a�p�t�i�v�e� �m�e�a�n�i�n�g�s� �o�f� �t�h�e� �s�e�i�s�m�o�n�a�s�t�i�c� 
�m�o�v�e�m�e�n�t�,� �w�e� �n�o�w� �t�r�y� �t�o� �p�r�o�d�u�c�e� �i�m�m�o�t�i�l�e� �m�u�t�a�n�t�s� �u�s�i�n�g� 
�t�h�e� �C�R�I�S�P�R��C�a�s� �s�y�s�t�e�m�.� �T�h�i�s� �s�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �m�a�i�n�l�y� 
�b�y� +�i�r�o�a�k�i� �M�a�n�o�.

�F�i�g�u�r�e� �2�.� 9�i�s�u�a�l�i�z�a�t�i�o�n� �o�f� �a�c�t�i�n� �c�y�t�o�s�k�e�l�e�t�o�n� �i�n� �l�e�a�f�l�e�t�s� �o�f� Mimosa pudica� 
�u�s�i�n�g� �a� �L�i�f�e�a�c�t�-9�e�n�u�s� �p�r�o�t�e�i�n

VII. Molecular mechanisms of mimicry
�A�n� �e�x�c�e�l�l�e�n�t� �e�x�a�m�p�l�e� �o�f� �m�i�m�i�c�r�y� �i�s� �t�h�e� �f�l�o�w�e�r�-�m�i�m�i�c�r�y� �o�f� 
�t�h�e� �o�r�c�h�i�d� �m�a�n�t�i�s� Hymenopus coronatus� �w�i�t�h� �p�i�n�k� �a�n�d� �w�h�i�t�e� 
�c�o�l�o�r�a�t�i�o�n� �a�n�d� �p�e�t�a�l�-�l�i�k�e� �l�e�g�s�.� �B�i�o�c�h�e�m�i�c�a�l� �a�n�a�l�y�s�e�s� 
�i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �r�e�d�u�c�e�d� �f�o�r�m� �o�f� �x�a�n�t�h�o�m�m�a�t�i�n�,� �a� �c�o�m�m�o�n� 
�r�e�d� �p�i�g�m�e�n�t� �o�f� �t�h�e� �o�m�m�o�c�h�r�o�m�e� �f�a�m�i�l�y�,� �a�l�m�o�s�t� �s�o�l�e�l�y� 
�c�o�n�t�r�i�b�u�t�e�s� �t�o� �t�h�e� �p�i�n�k� �c�o�l�o�r�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �t�h�e� �o�x�i�d�i�z�e�d� 
�f�o�r�m� �o�f� �x�a�n�t�h�o�m�m�a�t�i�n� �w�a�s� �f�o�u�n�d� �i�n� �m�a�n�t�i�s�e�s� �w�i�t�h� �b�r�o�w�n� 
�b�o�d�y� �c�o�l�o�r�.� �T�o� �f�u�r�t�h�e�r� �e�l�u�c�i�d�a�t�e� �t�h�e� �m�e�c�h�a�n�i�s�m� �u�n�d�e�r�l�y�i�n�g� 
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�t�h�e� �d�i�f�f�e�r�e�n�t� �b�o�d�y� �c�o�l�o�r�a�t�i�o�n�,� �w�e� �a�r�e� �n�o�w� �a�n�a�l�y�z�i�n�g� �t�h�e� 
�u�l�t�r�a�s�t�r�u�c�t�u�r�e� �o�f� �o�m�m�o�c�h�r�o�m�e� �g�r�a�n�u�l�e�s� �i�n� �p�i�g�m�e�n�t� �c�e�l�l�s� �o�f� 
�t�h�e�s�e� �m�a�n�t�i�s�e�s� �b�y� �t�r�a�n�s�m�i�s�s�i�o�n� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�y�.� �T�h�i�s� 
�w�o�r�k� �w�a�s� �m�a�i�n�l�y� �d�o�n�e� �b�y� +�i�r�o�a�k�i� �M�a�n�o�.

VIII.  Evolution of pitcher leaves in carnivorous 
plants

�C�a�r�n�i�v�o�r�o�u�s� �p�l�a�n�t�s� �f�o�r�m� �s�p�e�c�i�a�l�i�z�e�d� �l�e�a�v�e�s� �t�h�a�t� �a�r�e� �c�a�p�a�b�l�e� 
�o�f� �a�t�t�r�a�c�t�i�n�g�,� �t�r�a�p�p�i�n�g�,� �a�n�d� �d�i�g�e�s�t�i�n�g� �p�r�e�y� �a�n�d� �a�b�s�o�r�b�i�n�g� 
�n�u�t�r�i�e�n�t�s�.� �T�h�e� �u�n�u�s�u�a�l� �p�l�a�n�t�s� �e�v�o�l�v�e�d� �f�r�o�m� �n�o�n�-�c�a�r�n�i�v�o�r�o�u�s� 
�p�l�a�n�t�s� �b�u�t� �t�h�e�i�r� �e�v�o�l�u�t�i�o�n�a�r�y� �p�r�o�c�e�s�s� �i�s� �m�o�s�t�l�y� �u�n�k�n�o�w�n�.� �T�o� 
�u�n�d�e�r�s�t�a�n�d� �t�h�e� �g�e�n�o�m�i�c� �c�h�a�n�g�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� 
�e�v�o�l�u�t�i�o�n� �o�f� �c�a�r�n�i�v�o�r�y�,� �w�e� �s�e�q�u�e�n�c�e�d� �2�-�G�b�p� �g�e�n�o�m�e� �o�f� �t�h�e� 
�A�u�s�t�r�a�l�i�a�n� �p�i�t�c�h�e�r� �p�l�a�n�t� Cephalotus follicularis� �i�n� 
�c�o�l�l�a�b�o�r�a�t�i�o�n� �w�i�t�h� �B�e�i�j�i�n�g� �G�e�n�o�m�i�c�s� �I�n�s�t�i�t�u�t�e�.� �T�h�i�s� �s�t�u�d�y� 
�w�a�s� �c�o�n�d�u�c�t�e�d� �m�a�i�n�l�y� �b�y� �K�e�n�j�i� �F�u�k�u�s�h�i�m�a� �a�n�d� �T�o�m�o�k�o� 
�S�h�i�b�a�t�a�.
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�t�h�e� �b�e�a�n� �b�u�g� Riptortus pedestris�.� �G�e�n�o�m�e� �A�n�n�o�u�n�c�. 2�,� �e�0�0�5�5��-�1��.

�� �T�a�m�a�d�a�,� �Y�.�,� �M�u�r�a�t�a�,� �T�.�,� +�a�t�t�o�r�i�,� �M�.�,� �O�y�a�,� �S�.�,� +�a�y�a�n�o�,� �Y�.�,� �K�a�m�e�i�,� �Y�.�,� �a�n�d� 
+�a�s�e�b�e�,� �M�.� �(�2�0�1��)�.� �O�p�t�i�c�a�l� �p�r�o�p�e�r�t�y� �a�n�a�l�y�s�e�s� �o�f� �p�l�a�n�t� �c�e�l�l�s� �f�o�r� �a�d�a�p�t�i�v�e� 
�o�p�t�i�c�s� �m�i�c�r�o�s�c�o�p�y�.� �I�n�t�e�r�n�a�t�i�o�n�a�l� �J�.� �O�p�t�o�m�e�c�h�a�t�r�o�n�i�c�s 8�,� �1�-�1�1�.

�� ;�u�,� �B�.�,� �O�h�t�a�n�i�,� �M�.�,� �Y�a�m�a�g�u�c�h�i�,� �M�.�,� �T�o�y�o�o�k�a�,� �K�.�,� �W�a�k�a�z�a�k�i�,� �M�.�,� �S�a�t�o�,� 

�M�.�,� �K�u�b�o�,� �M�.�,� �N�a�k�a�n�o�,� �Y�.�,� �S�a�n�o�,� �R�.�,� +�i�w�a�t�a�s�h�i�,� �Y�.�,� �M�u�r�a�t�a�,� �T�.�,� �K�u�r�a�t�a�,� 
�T�.�,� �Y�o�n�e�d�a�,� �A�.�,� �K�a�t�o�,� �K�.�,� +�a�s�e�b�e�,� �M�.�,� �a�n�d� �D�e�m�u�r�a�,� �T�.� �(�2�0�1��)�.� 
�C�o�n�t�r�i�b�u�t�i�o�n� �o�f� �N�A�C� �t�r�a�n�s�c�r�i�p�t�i�o�n� �f�a�c�t�o�r�s� �t�o� �p�l�a�n�t� �a�d�a�p�t�a�t�i�o�n� �t�o� �l�a�n�d�.� 
�S�c�i�e�n�c�e 343�,� �1�5�0�5�-�1�5�0��.

�� �Y�o�s�h�i�d�a�,� �K�.�,� �M�a�k�i�n�o�,� �T�.�,� �Y�a�m�a�g�u�c�h�i�,� �K�.�,� �S�h�i�g�e�n�o�b�u�,� �S�.�,� +�a�s�e�b�e�,� �M�.�,� 
�K�a�w�a�t�a�,� �M�.�,� �K�u�m�e�,� �M�.�,� �M�o�r�i�,� �S�.�,� �P�e�i�c�h�e�l�,� �C�.�L�.�,� �T�o�y�o�d�a�,� �A�.�,� �F�u�j�i�y�a�m�a�,� 
�A�.�,� �a�n�d� �K�i�t�a�n�o�,� �J�.� �(�2�0�1��)�.� �S�e�x� �c�h�r�o�m�o�s�o�m�e� �t�u�r�n�o�v�e�r� �c�o�n�t�r�i�b�u�t�e�s� �t�o� 
�g�e�n�o�m�i�c� �d�i�v�e�r�g�e�n�c�e� �b�e�t�w�e�e�n� �i�n�c�i�p�i�e�n�t� �s�t�i�c�k�l�e�b�a�c�k� �s�p�e�c�i�e�s�.� �P�L�o�S� 
�G�e�n�e�t�. 10�,� �e�1�0�0��2�2��.

〔Review articles〕

�� �F�u�k�u�s�h�i�m�a�,� �K�.�,� �a�n�d� +�a�s�e�b�e�,� �M�.� �(�2�0�1��)�.� �A�d�a�x�i�a�l�-�a�b�a�x�i�a�l� �p�o�l�a�r�i�t�y�� �t�h�e� 
�d�e�v�e�l�o�p�m�e�n�t�a�l� �b�a�s�i�s� �o�f� �l�e�a�f� �s�h�a�p�e� �d�i�v�e�r�s�i�t�y�.� �G�e�n�e�s�i�s 52�,� �1�-�1��.

�� +�o�r�i�o�,� �T�.�,� �a�n�d� �M�u�r�a�t�a�,� �T�.� �(�2�0�1��)� �T�h�e� �r�o�l�e� �o�f� �d�y�n�a�m�i�c� �i�n�s�t�a�b�i�l�i�t�y� �i�n� 
�m�i�c�r�o�t�u�b�u�l�e� �o�r�g�a�n�i�z�a�t�i�o�n�.� �F�r�o�n�t�.� �P�l�a�n�t� �S�c�i�.� �d�o�i�� �1�0�.������f�p�l�s�.�2�0�1��.�0�0�5�1�1

�� �K�o�f�u�j�i�,� �R�.�,� �a�n�d� +�a�s�e�b�e�,� �M�.� �(�2�0�1��)�.� �E�i�g�h�t� �t�y�p�e�s� �o�f� �s�t�e�m� �c�e�l�l�s� �i�n� �t�h�e� �l�i�f�e� 
�c�y�c�l�e� �o�f� �t�h�e� �m�o�s�s� �P�h�y�s�c�o�m�i�t�r�e�l�l�a� �p�a�t�e�n�s�.� �C�u�r�r�.� �O�p�i�n�.� �P�l�a�n�t� �B�i�o�l�. 17�,� �1��-
�2�1�.

�� �S�e�s�s�a�,� �E�.�,� �B�a�n�k�s�,� �J�.�,� �B�a�r�k�e�r�,� �M�.�,� �D�e�r�,� �J�.�,� �D�u�f�f�y�,� �A�.�,� �G�r�a�h�a�m�,� �S�.�,� +�a�s�e�b�e�,� 
�M�.�,� �L�a�n�g�d�a�l�e�,� �J�.�,� �L�i�,� �F�.�,� �M�a�r�c�h�a�n�t�,� �D�.�,� �P�r�y�e�r�,� �K�.�,� �R�o�t�h�f�e�l�s�,� �C�.�,� �R�o�u�x�,� �S�.�,� 
�S�a�l�m�i�,� �M�.�,� �S�i�g�e�l�,� �E�.�,� �S�o�l�t�i�s�,� �D�.�,� �S�o�l�t�i�s�,� �P�.�,� �S�t�e�v�e�n�s�o�n�,� �D�.�,� �a�n�d� �W�o�l�f�,� �P�.� 
�(�2�0�1��)�.� �B�e�t�w�e�e�n� �t�w�o� �f�e�r�n� �g�e�n�o�m�e�s�.� �G�i�g�a�s�c�i�e�n�c�e 3�,� �1�5�.

�� �S�p�a�r�k�s�,� �E�.�E�.�,� �I�m�a�i�,� �A�.�,� +�a�s�e�b�e�,� �M�.�,� �a�n�d� �B�e�n�f�e�y�,� �P�.�N�.� �(�2�0�1��)�.� 
�D�e�v�e�l�o�p�m�e�n�t�a�l� �r�e�g�u�l�a�t�i�o�n� �a�n�d� de novo �f�o�r�m�a�t�i�o�n� �o�f� �s�t�e�m� �c�e�l�l�s� �i�n� �p�l�a�n�t�s�.� 
�I�n� �S�t�e�m� �C�e�l�l�s�� �F�r�o�m� �B�a�s�i�c� �R�e�s�e�a�r�c�h� �t�o� �T�h�e�r�a�p�y�,� 9�o�l�u�m�e� �1�� �B�a�s�i�c� �S�t�e�m� 
�C�e�l�l� �B�i�o�l�o�g�y�,� �T�i�s�s�u�e� �F�o�r�m�a�t�i�o�n� �d�u�r�i�n�g� �D�e�v�e�l�o�p�m�e�n�t�,� �a�n�d� �M�o�d�e�l� 
�O�r�g�a�n�i�s�m�s�.� �P�p�.� ��0�5�-����,� �C�R�C� �P�r�e�s�s�.

�� �T�o�m�e�s�c�u�,� �A�.�M�.�,� �W�y�a�t�t�,� �S�.�E�.�,� +�a�s�e�b�e�,� �M�.�,� �a�n�d� �R�o�t�h�w�e�l�l�,� �G�.�W�.� �(�2�0�1��)�.� 
�E�a�r�l�y� �e�v�o�l�u�t�i�o�n� �o�f� �t�h�e� �v�a�s�c�u�l�a�r� �p�l�a�n�t� �b�o�d�y� �p�l�a�n� �-� �t�h�e� �m�i�s�s�i�n�g� 
�m�e�c�h�a�n�i�s�m�s�.� �C�u�r�r�.� �O�p�i�n�.� �P�l�a�n�t� �B�i�o�l�. 17�,� �1�2��-�1���.


